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C-W, rckn~med the pncti~l and ccondmic limiutiofis of hijoint  counting 
method md pumiw thc use of the visual atimarion methodology. Visual cstiqratia 
~ t h o d o l ~ w  ir employed by most PLM labarmrie~ aad gives resulu which &e vcry 

. ' 
. I 

S h h r m 8 v d h 7  

In the following discussion. the validity of the assumptions that are madc in exwpolaring 
an a d v o l u m e  percentage cstinuion'to a weight percentage estimation of the a t k s t o s  

content of insulation and other building ma- will k examined The reader should note 
that this discussion collsidcn onlythsexpcuzdvsriation h t h c  DUC meight percentage as 
is found when applying the visual esrimrpc technique DD dcmairine the asbestos content in a 
bulk sample. Rr q& of labo;atay/anrlyrt vaiabiliy of such vinul e s h t i m s  arc 
not conoidaed in this dircuuiaL 

REUTIONSHIPS BETWEEN AREA, VOLUME, AND WEIGHT PERCENTAGE 

The principles of stereology arc well documented (KC. for example, "Quantitative 
Surrology." Underwood) 1 and will not be reiterated h a c  other than to state that in 
classical sorrology. with rhe assumption of a homogemws disa+burion of phases within a 
atid, 6- is a direct relationship between the volumc fraction of a phase present in the 

. solid the area faction ofthat phase observed in a seaion &n through the solid 

That is to say. 

VP AP - = -  
V A 

; + , -  T 

8 .  F 

p ; :I 

-.  whcrr Vp 5 &  refen to the v o h c  of the p h w  p present in rhe total volume V. and Ap 

It should be noted that, f a  t& classical ruler of stereology 10 apply in a uansmission 
sample. thc stfon thmugb tbt sample should k nothickcrthan thc thickmsordiamem 

,. 
represents the area projectioa oftbat p h w  in 8 p h  nctioa of rim! solid of total 8rca A. 

o f t h e ~ c a n p c a c m .  . .  . 
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Ihe mclhodcrllr f a  bulk umpler of building maari& * k fint vrirh a low 
Po- binoctlkr mkmcopc. By use of such a miaoacOP, the folloaring o b t e r v b m  can 
bemade. 

., 

(1) ?Ilefikncnah?dcl#1$L 
(2) 
(3) 
(4) 

'~hc homogeneity of the rmt~ial can be 
A prrliminrry idendfication of the fibers prerent can be m&. 
An estimate of fiber content by volumc can be mpk 

. (5) * E b u s m a y b e r e p a r a G e d ~ t h c ~ f m m o r r ~  
- analysis of subsamples \irith the polarized light microsape. ". 

The method has been used. essentially in its present farm. by the majoriry of the 
participants in the EPA Bulk Sample ,Analysis Round Robin program. These results 
indicate generally good reproducibility and good accuacy in assessing the volumc 

. percentage of an asbestos mineral present in an insulating rnamial. The .CMIC~ of such 
an analysis docs not differ very p d y  fn~n thc expc*;d inhomogeneity (or tmmogcncity) 
of the material being analyzed (manufacturers' spccifiitions generally show a range of 
composition f q  any one product which Ikqucnrly was additionally modified at the point of 
application). In the ASTM tcchniqw. q d r i f m t i c n  of stknos content is  discussed in the 
following aimrS: "A quantitative estimate of the amount of asbestos present is most readily 
obtained by visual comparison of the.bulk sample in slidc preparations to other slide 
prcp&tims and b u k  samples with b w n  amounts Of asbestos present in them." The 

a .  

~ 

{ * _  _a. 

document gocs on to SULPC hat estimates of the quantity d asbestos obtained by the lnethod 
arc neither volumc nor might percent cstimafts, but am based on escirmting the projected 
ana. from observation. of the disuibution of pkicles over the two dimensional surface of 
the glass s l i p d  on an obrcrvatioa of bulk motcrkl, rad &at a basis forcOmcting t6 a 
weight dmvolum perccnt hu not km eitablirhca It i s  thir latter aspect whhich will be 

I .  

.I .-+ 
" I ?  

j , -. 

discussed mom fully in this docummt The ASTM &ti&, however, prwicks  for the 
percentage tokfintasmscdknn the bulkmaminlu *on the -; 
,it would seem, therefore, dut this percentage i s ' i  cher 8 ~ x i m U i o a  to a volume 
percentage ntba than L projected am one. Id -on the ASTM document states, 
"However, the QIOC inaoduced by assuming that the ercirrmtr m equivalent to weight 
p a c c n t i s p r o b r b l y w i ~ t h e p r r c i r i o n o f d l e v i n u l ~ ~  

4 



.. 

Pi x v i x  100 

z Pi x vi 
1- 

i s  I 

where Pi is the specific p~ty of the ith COmpmenK ud v i  b thc volume of the ith 
compawnr han this formula it is c b  that ifhe v d m  proem md Kk dcnsily of each 
individual ekmrnt in a bulk insularion sample is itnoam, it arould be possible to obtain a 
weight pranmge for any p&uh component a d  specifiully fa those components 
which aye classed u asbestos. To determine this inforuution expaimcnully would, 
howevu. be extremely time consuming,' requiring t& r e p ~ e  idcntifcaaoa of each 
c o m p c n t  in thc rmuix, dcmmining its specific gravity fnnn rtferena tables, and 
applying thcle frurr in Kk famula. 
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Sample 1 is a sample of an acoumd ' matdial taken Wan rctllalacilingaamrnt 

commnenr Ygi% Ya!fAuuau mLM%kll 
15.0 15.12 15.5 1 
60.0 60.47 

chv-ik 
Glass Fiber 
CarbOMlt 10.0 10.85 

3.0 3.26 
10.0 8.53 

cemcnl 
, 2.0 1.78 

-Y 
I Gypsum 

(Apprdix 1 shows in detail how these might pacamps rn nllulmA.) 

Sample I 

Sample 2 is fmm an independent round robin sample series in which four laboraiories 
pmcipaud Reponcd values for Masite content were 30%. 304%. 45%. and 15-2056. 
The results from the second laboratory were taken wing the midpoint of the reponed 
compositional ranp (the midpoint of the reported range for sample two was selected as 
most probably representing the acnral composition. lying kween the rrponcd values of 
one and he, with four regarded a, 9" outlier). 

- I  

Round Robin Sample f w m  Independent QC Ring 

', . 
commnent YPIsk ~ IYL%rAcnran qtr9h- 

38.82 
32.94 
28.24 

41.55 

Sample 3 

Sample 3 is sample A fran thc EPA Bulk S q k  Anriytir R m d  Robin saies. Round 
number16 . 

Sample A &PA B d k  Sample Ad'& Round Robin No. 16 

canaanmt his' JYdWmmu 
3.0 

87.0 
10.0 ' " . 

4.04 
92.29 
3.67 

' . 3.92 
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YplfB 
3.0 

97.0 : 
chyrocile 
a a Y  " ' 

3.53 
96.47 

3.12 

sample 5 S a m e  D EPA Bulk Sonpie A- Road Robin NO. I7 
Sample 5 b Sample D from rhe EPA Bulk Sample M y d r  Rawxi Robin r e r i e r , R d  
N u m k  17. 

!huQlKM m !a%fA&Jlmn JYaLfMQW - 2.9 2.56 3.01 
30.7 34.40 36.90 Armdt cancrn 66.3 63.04 

Sample 4 Sample A EPA BuU Sample Andy& Round Robin No. 17 

Sample 6 is Sample A fmm rhe EPA Bulk Sample M y &  Round Robin series. Round 
Numkr 17. 

cammrrm yel%r EmA4ann XlSMadcll 
97.0 97.52 97.78 cemcm 3.0 2.48 

7 



Some samples. fop example floar tiles. roofing felts, and XIDY ccmentitious products, m y  
q u i n  special frcanncnt (ashing, solvent or acid extraction) to scpame tht lsbcstos from 
other maraials in order to facilia analysis. In such cases. the d t h g  wei@i loss of the 
sample due to mamrnt must k ltcofdtd and any volumc to weight paantage camEtion 
applied 10 the remaining mMQial must be funhet comctcd to take rhis wight loss into 
consideracia. For example. if 30% asknos is dcltcled in a sample aher prarssing which 
resulted in a 25% weight Ion, then the comcted asbestos content is 0.75 x 30 =uJ% 

CONCLUSIONS AND RECOMMENDATIONS 

An assessment has k e n  madc of the validity of exaapolating to a weight paantage the 
m a  or volumc pmenrage of asbestos present in a sample as dctamined by polarized light 
microscopy. A model has k e n  presented which can be applied to area or volume 
percentage data to give a more accurate estimation of the weight percentagt. With the 
uceprion of abesws-containing WM b i n 8  a s&tamial amity aiffcrecnrial h e e n  
manu and asbcsros, generally low &nsity cellulosic or perlitic mom'ces, the magnitude of 
this correction is smnlfer than the apecud variability imposed @ both the analytical 
variation and r k  inhomogenei~ of tk'sample. As a result, tk weight percentage of 

- -. - - 

asbesrOS prUrnt C M  gCIWd& k rqrroud Wirh thC O b S C d  - Or WhW-*@. ' 

The following - wmadt: 

1) Ftxtrmpkarborcappxmae * avaagemrtmdauityircloaemthuofthe 
. Uamrrspcktobscrved(within0.5gl~~.smmr~~OtWeight 

mdar~vdrnneprcenrrgc 

2) For umplcs whose appr~xirmte average manix W y  diffar from that of 
the asbestos species present by mozt than 0.5 glcm3, c o n m  the observed 
uu or volumc percentage IO weight percentage wing formula 2. using a 
mauix density cauinmr with rhe principal matrix caapomu 
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VOLUME % WEIGRT % 

0 
5 
10 
15 
20 
2s 
30 
3s 
a 
45 
so 
55 
60 
65 
70 
75 

8s 
90 
9s 
100 

m 

0.W 
5.17 

10.36 
15.51 
20.63 
3.74 
30.83 
35.90 
40.94 
45.97 
50.98 
55.97 
60.94 
65.89 
70.82 
75.73 
80.62 
85.49 
90.3s 
9S.U 

100.00 

0.00 
0.19. , ' 

0.36 
0.5 I 

. - 0.63 
0.74 
0.83 
0.90 
0.94 
0.97 
0.98 
0.97 
0.94, 
0.h 
0.82 

0.62 
0.49 
0.35 
0.18 

. . 0.73 . .  

, .  , 
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0 :  
5 .  
10 " ., 

15 . ' , ,  

. .  a., . .  

' , '  .a. ' . . 
30 

, '  35 . , 

40 
45 

. %  
55. .. 

.60 
, 65  
70 
75 
80 

'a5 
< 90 

, .  9s 

, .  
. .  

. . . .  

.. 

, 
,. 

. .  

la, . . .  

. . .  
0.00 ' ", 

'-' 6.68 

.. 19.35 
25.37. 
31.19 .: 

36.82 

13.13 ' . . 

. .  .. 42.27 . .  

,4735 , . 

62.44 : 
. . . . . . . .  ..... 52.67 

57.63 

67.1 1 I 

71.64 
76.04 : 
80.31 

88.h 

.96.27 

- 

84.47 ' .  . .  

22.45 , . , 

loo.& 1 

0.00 
1.68 
3.13 
4.35 
5.37 
6.19 
6.82 

7.55 
7.67 
7.63 
7.44 
7.1 1 
6.64 
6.04 
5.31 
4.41 
331 
2.40 
131 
0.00 
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VOLUME 'IL 

0 
5 

10 
15 

2s 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

8s 
9 0  
w 
Y 

m 

. .  

m 

DIFFERENTIAL 
WEIGHT 'A WEIGHT %,-VOLUME% 

0.00 
1659 
2957 

4857 
55.74 
61.82 
67.04 
7158 
7556 
79.41 
82.20 
85.00 
8752 
89.8 1 
91.89 
93.79 
9534 
97.14 
96.63 

100.Q) 

4o.m 

0.00 
11.59 
19.57 

28-57 
30.74 
31.82 
32.04 
3 1.58 
3056 
29.01 

u.m 

27.20 
2s.m 
22.52 
19.81 
16.89 
13.79 
1054 
7.14 
3.63 
0.00 

, 
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. Calculntcd rekfionrhip between might percentage and volume percentage of crocidolite 
(density 3.4 glcm3) in a a w i x  of avenge density 0.9 g-3 oyer the range 0 to 2 
volume%. 

- VOLUME %- WEIGHT % 
DIFFERENTIAL 

WEIGHT %-VOLUME% 

'0 0 - 0.00 
: .  0.1 0.38 . ' 

0.75 '. 0.2 
.I.l2 
1.49 

0.3 
0.4 . . - 

, .  0.s 1.86 
0.6 2.23 

2.96 
3.32 

0.8 
. 0.9 

1.0 '3.68' 
1.1 ' . 4.03 
1.2 4.39 

. .  1.3 ' ' . 4.74 
s.09 1.4 

. .  1 3  . 5.44 
1.6 s.79 -. 

. .  

. .  

. .  .~ 

. .  

0.7 ., _ _  .: .:_ 2.59': . . . . . . . 

. .  

. .  

- f  
. .  

' ' 1.7 i . i3 
r;;. 1.8 . ' , '  6.411 

as2 
*. 

1.9 
2.0 7.16 

0.00 
0.28 

0.82 
1.09 
1.36 
1.63 
1.89 . . . . .  . - .  . 

2.16 ' 

2.42 ' ' 

2.93 
3.19 : 

3.44 

3.94 
4.19 
4.43 
'4.68 
4.92 
S.16 

. .  
' ;o.ss 

. .  

2.68 

3.69 

. .  . .. 
. .  

. .  

b 
. .  
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. , .,. . : ' APPESDIX I .  

Examples of Calculations 
. .  

2) Actual Weight Pcrcrntagca 

Sample #I 

Density 
Compound . .  Vol. % ( g/cm3) 

Chysodle , . 'i5.0 -.v 

r313ssFikr : 60.0 '' 2.6 
*'.sbonatc io.0, 2.; 
C-rncnt I .0 ?.e 

10.0 2.2 -lay 
2 2  5ypsum -.o 

'TOTALS 1 N .0  -_ 

* =  

P - 
. .  

s t .  % 
. .  

x & x t d A M  
Relative Weight Total Rei. Wt. 

I5 x 2 . 6 . ~  39.0 . . 15.12 
60 x 2.6 = 156.0 60.47 

:o x 2.8 a'28.0 10.85 
L O  x 2.8 = 6.4 1.26 

10.0 x 2.2 = 2zo 3.53 
2.0 x 2.3 P 4.6 . . 1.78 

255 : 9.01 

b) Approximate might perccntaps byed QI a model with wuu&23 dad dursiry. 

Sample #I 

Vd. 96 

15.0 
8x0 

100.0 

IS x 2.6 = 39.0 
8 f x U = Z J U  

251s 

m i  

sample5cDnpinrboQchr) Ddleud m r i l e ' I h e a p p x h a c ~  w s  
calculssd~lyforachrpksaarrypufolbws: 

Vol. 'k Rcl. Wt. Approx. wt. % 

C b m  (&asicy 26 glcm3) 2.9 a 2.9 ~2.61 7.54 3.01 
Nonc)rysocittrmaix 97.1 94.1 x 2.5 = 242.75 

Chrysotile totals 100.0 250.29 

Amosite (density 3.3 '0 7 101.51 ?&SO 
*'mthrvsotile mamx . .  -3 73.25 

-. VOSlre  t%?ls : I  lT4.56 

17 
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,,pelerlhe ownerloperator of the 
affected facility to a qualified ., gavemmental agency. I A Tacility~lo be . * ; 

demolished. 

I - 

Not exempt from any 
requirements of the 
asbestos NESHAP. ' 

. I  . .  

.. 
1 . - .  

. ~ .  

.. . . .  . -. 

, r ,  
, / .  

I -  . '  . .; *: 
4 , ~ -  I 

I.. 

The asbestos NESHAP requires the remval 01 all 
ACM 11 a facillly tMt mnlalns greater lMn me 
lhreshold amount 01 asbestos will be demollshed 
by lnlenllonal burnlng. This requirement Indudes 

nonlriable ACM w h i h x  me P U W W  Q? ! 
tnlenllOnal burnin shall always be mnsldered 
RACM (senion 67.145 (c)). 

. , . IheremovaloIallCal tylandcatego I1 

I , .  

.. . 

. ,  

. 

. Remwe ail RACM 
pmr 10 demolluon 

a m d l n Q  to section 

a m &  to section 
6f.150. 

Analyze 
representative samples 
lor asbest08 mnlent 

. .  61.14%~ end d k w e  of I 
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